It is well known that the administration of chloretone, phenobarbital or methylcholan threne induces an increase in the urinary excretion of ascorbic acid and they also induce an increase in the activities of drug-metabolizing enzyme of liver microsomes (1-3). These results indicate that there may be some relationships in the increase in the activities of microsomal drug-metabolizing enzymes and the increase in the urinary excretion of as corbic acid. The increased activities of microsomal drug-metabolizing enzymes are pre vented by the joint administration of ethionine (4-6).
It is well known that the administration of chloretone, phenobarbital or methylcholan threne induces an increase in the urinary excretion of ascorbic acid and they also induce an increase in the activities of drug-metabolizing enzyme of liver microsomes (1) (2) (3) . These results indicate that there may be some relationships in the increase in the activities of microsomal drug-metabolizing enzymes and the increase in the urinary excretion of as corbic acid. The increased activities of microsomal drug-metabolizing enzymes are pre vented by the joint administration of ethionine (4) (5) (6) .
However, in a previous work, Kato et al. presented the evidence that the increase in the urinary excretion of ascorbic acid after the administration of chloretone or pheno barbital was not prevented by the joint administration of ethionine which completely prevented the increase in the activities of microsomal drug-metabolizing enzymes (7) . These results were not in accord with the results presented by Tuoster et al. which the increased urinary excretion by chloretone or barbital is prevented by the joint administ ration of ethionine (8) . One of the purpose of the present studies, therefore, is to rein vestigate the effect of ethionine on the increase in the urinary excretion of ascorbic acid induced by chloretone, phenobarbital or methylcholanthrene in comparison with the effect of carbontetrachloride.
On the other hand, in these studies Kato et al. observed an increase in the urinary excretion of ascorbic acid after the administration of ethionine, while the administration of carbontetrachloride markedly depress the urinary excretion of ascorbic acid. The both drugs are well known hepatotoxic agents, therefore the administration of ethionine must decrease the biosynthesis of ascorbic acid and, thus it should decrease the urinary excre tion of ascorbic acid. The second purpose of the present studies, therefore, is to elucidate the mechanism by which ethionine produces the increased excretion of ascorbic acid into urine. 
MATERIALS AND METHODS
Female rats of Long-Evans strain, weighing about 160-180 g were used. In some experiments, female rats of Wistar strain, weighing about 160-180 g were used. All rats were fed on an ascorbic acid free synthetic diet, the protein content was about 25%.
Carbontetrachloride were diluted in corn oil and given intraperitoneally in volume of 2 ml/kg. Ethionine is dissolved in 0.9% NaCI solution and given interaperitoneally in volume of 10 ml/kg. Phenobarbital and chloretone were dissolved in distilled water and given intraperitoneally in volume of 2 ml/kg. Determination of ascorbic acid: Ascorbic acid contents in tissue and serum were measured by the method of Roe (9) , and amount of urinary ascorbic acid was determined by the method of dichlorphenolindophenol.
Enzyme assay: The rats were decapitated and 25% liver homogenate prepared with 1.15% isotonic KCl solution at 2°-4°C. The homogenates were centrifuged at 9,000 x g for 15 minutes. The microsomal oxidations of drugs were carried out by incubation of 9,000 x g supernatant fraction (3 ml) with 1.5 umole of pentobarbital, meprobamate or zoxazolamine for 60 minutes at 37°C under air, in the presence of cofactor mixture con 
1.
Effects of ethionine and carbontetrachloride on tissue content and urinary excretion of ascorbic acid
As shown in Table 1 , the administration of ethionine markedly decreased the content of ascorbic acid in the liver, while it decreased only slightly the content in the kidney, thus the ratio between liver and kidney markedly was decreased. In contrast, the administ ration of carbontetrachloride slightly decreased the content of ascorbic acid in the liver, while it more clearly decreased the content in the kidney, thus the ratio between liver and kidney was increased.
For example, liver/kidney ratio of ascorbic acid was decreased by 29% and 39%, respectively, in the rats dosed 50 mg/kg and 200 mg/kg of ethionine, while the ratio was increased by 12%, 20% and 27%, respectively, in the rats dosed 80 mg/kg, 300 mg/kg and 600 mg/kg of carbontetrachloride.
Moreover, the administration of ethionine markedly increased the urinary excretion of ascorbic acid, while the administration of carbontetrachloride markedly decreased the urinary excretion of ascorbic acid. For example, the urinary excretion of ascorbic acid was increased by 146% or 188q%, respectively by the administration of 50 mg/kg or 200 mg/kg of ethionine. In contrast, the urinary excretion of ascorbic acid was decreased by 59%, 67% or 70%, respectively by the administration of 80 mg/kg, 300 mg/kg or 600 mg/kg of carbontetrachloride.
These results suggested that ethionine may release ascorbic acid from liver and thus it increase the urinary excretion, while carbontetrachloride may inhibit the biosynthesis of ascorbic acid in liver and thus it decrease the urinary excretion. 2. Tissue content of ascorbic acid after the administration of ascorbic acid in rats pretreated with ethionine or carbontetrachloride To proof the above-mentioned hypothesis ascorbic acid (200 mg/kg, i.p.) was given 4 hours before sacrifice to the rats pretreated with ethionine or carbontetrachloride. As shown in Table 2 , the amount of increase in liver ascorbic acid after the admi nistration of ascorbic acid was 115 ,ag/g, 63 beg/g and 133 ,ug/g, respectively, in control rats, ethionine treated rats and carbontetrachloride treated rats. On the other hand , the amount of in crease in kidney ascorbic acid after the administration of ascorbic acid was 39 beg/g, 54 ag/g and 46 ,ag/g, respectively, in control rats, ethionine treated rats and carbontetrachloride treated rats.
These results may support the proposed hypothesis that the administration of ethionine may interfere a storage mechanism of ascorbic acid in liver, while carbontetrachloride may decrease the biosynthesis of ascorbic acid.
3. Effect o f ethionine on the increase in the tissue content and urinary excretion of ascorbic acid induced by the treatment with chloretone, Phenobarbital or methylcholanthrene
The administration of chloretone, phenobarbital and methylcholanthrene markedly increased the urinary excretion of ascorbic acid and it increased liver and kidney contents of ascorbic acid.
As shown in Table 3 , the urinary excretion of ascorbic acid was increased by 970%, 300% or 573%, respectively, in the rats pretreated with chloretone, phenobarbital or methylcholanthrene. Moreover, the administration of ethionine did not prevent the increase in the urinary excretion of ascorbic acid induced by the chloretone, phenobarbital or methylcholanthrene.
4. Effect of ethionine on the increase in the activities of drug-metabolizing enzymes of liver micro somes induced by the treatment with chloretone, Phenobarbital or methylcholanthrene The administration of chloretone or phenobarbital increased the metabolism of pento barbital by 94% and 220%, respectively, while they increased the metabolism of mepro bamate by 113% and 230%, respectively. Moreover, the administration of methylcho lanthrene increased the metabolism of zoxazolamine by 375%. As reported in previous papers (5, 6, 13) , the joint injection of ethionine partially (50 mg/kg) or almost completely (200 mg/kg) prevented the induced increase in the metabolism of drugs (Table 4 ). How ever, as given in Table 3 these doses of ethionine could not block the stimulatory action of chloretone, phenobarbital or methylcholanthrene on urinary excretion of ascorbic acid .
These results suggested that the mechanism of stimulation of the activities of micro somal drug-metabolizing enzymes and of urinary excretion of ascorbic acid may be dif ferent.
Effect of carbontetrachloride on the increase in the tissue content and urinary excretion of ascorbic
acid induced by the treatment with chloretone, Phenobarbital or methylcholanthrene As shown in Table 5 , the administration of carbontetrachloride, in contrast to the effect of ethionine, partially blocked the increased urinary excretion of ascorbic acid in duced by chloretone, phenobarbital or methylcholanthrene. For example , urinary excre tion of ascorbic acid in chloretone treated rats decreased by 57% and 76%, respectively, by the joint treatment of 80 mg/kg and 300 mg/kg of carbontetrachloride.
Moreover, urinary excretion of ascorbic acid in methylcholanthrene treated rats decreased by 52% and 69% respectively by the joint treatment of 80 mg/kg and 300 mg/kg of carbontetrachloride. Since the decrease in kidney content of ascorbic acid in chloretone, phenobarbital or methylcholanthrene treated rats by the joint injection of carbontetrachloride was less markedly than that in normal rats, liver/kidney ratio of ascorbic acid was not significantly changed, while the ratio was increased in the rats treated only with carbontetrachloride.
These results, therefore, suggest that the administration of carbontetrachloride decrease the synthesis of ascorbic acid in liver and decrease kidney content through decrease urinary excretion of ascorbic acid.
6. Effect of carbontetrachloride on the increase in the activities of drug-metabolizing enzymes of liver microsomes induced by the treatment with chloretone, phenobarbital or methylcholanthrene The administration of 80 mg/kg or 300 mg/kg of carbontetrachloride markedly decrease the metabolism of pentobarbital, meprobamate and zoxazolamine (Table 6 ) . In contrast to ethionine which completely inhibited the induction of the drug-metabolizing enzyme, the administration of carbontetrachloride only partially inhibited. For example, the administration of 300 mg/kg of carbontetrachloride decreased the metabolism of pento barbital, meprobamate and. zoxazolamine by 67%, 67% and 58%, respectively, while, the joint administration of carbontetrachloride decreased phenobarbital induced increase in the metabolism of pentobarbital and meprobamate by 54 and 49%, respectively, and methyl cholanthrene induced increase in the metabolism of zoxazolamine by 57%. The effect of carbontetrachloride on the microsomal enzymes was similar to the effect on urinary excretion of ascorbic acid.
DISCUSSION
The administration of chloretone, phenobarbital or methylcholanthrene and other drugs an increase in the urinary excretion of ascorbic acid through an increased bio synthesis in liver (1) . On the other hand, the administration of these drugs induces an increase in the activities of liver microsomal enzymes which metabolize foreign compounds (14, 15) . The induction of the drug-metabolizing enzymes of liver microsomes was in hibited by joint injection of ethionine or puromycin (4) (5) (6) 16) .
However, as demonstrated in the present paper, the administration of 200 mg/kg of ethionine completely prevent the stimulatory effect of chloretone, phenobarbital or methyl cholanthrene on the activities of the drug-metabolizing enzymes, in contrast, the admi nistration of same dose of ethionine did not prevent the stimulatory effect of chloretone, phenobarbital or methylcholanthrene on the urinary excretion of ascorbic acid. Moreover, the administration of ethionine markedly decreased the ascorbic acid content in liver, but it markedly increased the urinary excretion of ascorbic acid and it did not decrease the activities of drug-metabolizing enzymes of liver microsomes. These results suggested that the administration of ethionine increase in the release of ascorbic acid from liver and thus increase the urinary excretion. This suggestion was supported by the evidence reported in Table 2 that the administration of ascorbic acid increased liver content less markedly in ethionine treated rats than in control rats. Since the ad ministration of ethionine markedly depressed the content of ATP in the liver for more than 24 hours, thereby loss of ATP may resulted in a release of ascorbic acid from a storage pool (17, 18) .
However, the lack of preventive effect of ethionine to the increase in the urinary excretion of acid by chloretone, phenobarbital or methylcholanthrene probably can not be attributed only to the increased urinary excretion by ethionine. The lack of preventive effect of ethionine therefore suggest that the mechanism of stimulation in the biosynthesis of ascorbic acid by the drugs may differ from that of the induction of the activities of drug-metabolizing enzymes and more the stimulation in the biosynthesis is not related to "de nuovo" synthesis of protein.
On the other hand, Touster reported that administration of chloretone or barbital increased the activities of uridinediphosphateglucose dehydrogenase (8) , and a joint ad ministration of ethionine completely prevented the increase in the excretion of ascorbic acid and in the activity of the enzyme.
These results are completely not in accord with the results of our preliminary and present investigations. Contrary to the present investigation, Touster employed male rats and given ethionine in a diet. However, the effect of ethionine on the decrease in the liver ATP content and protein synthesis is markedly in female rats than in male (19) . And single injection of ethionine markedly decreased the liver ATP content for more than 24 hours.
In further experiments, we failed to demonstrate the prevention of the increased urinary excretion in female rat by feeding on ethionine containing diet. On the other hand, the administration of carbontetrachloride decreased the ascorbic acid content in the liver and kidney and the urinary excretion of ascorbic acid. Moreover, it decreased the activities of drug-metabolizing enzymes of liver microsomes. However, the administra tion of ascorbic acid increased the liver ascorbic acid content more markedly in the carbontetrachloride treated rats than in control rats.
These results suggested that the administration of carbontetrachloride decreased bio synthesis of ascorbic acid in liver and then decreased the ascorbic acid content in the liver and kidney and the urinary excretion of ascorbic acid. Moreover, carbontetrachlo ride partially prevent the stimulatory action of the chloretone, phenobarbital or methyl cholanthrene on the urinary excretion of ascorbic acid as well as on the activities of microsomal enzymes.
Thus, the action of ethionine may be mainly due to the decrease of liver content of ATP and consequently decrease the capacity of storage of ascorbic acid and block the induction of the drug-metabolizing enzymes of liver microsomes, while the action of carbontetrachloride is mainly due to nonspecific damage of liver cell and consequently decrease the biosynthesis of ascorbic acid and the activities of the microsomal drug metabolizing enzymes.
SUMMARY
Administration of ethionine to rats markedly decreased the ascorbic acid content in liver and increased the urinary excretion of ascorbic acid. In contrast, administration of carbontetrachloride decreased the ascorbic acid content in liver and kidney and the urinary excretion. Thus, the ratio of ascorbic acid content between liver and kidney decreased in the rats treated with ethionine, contrary it increased in the rats treated with carbontetrachloride.
On the other hand, the joint administration of ethionine prevented the stimulation of urinary excretion of ascorbic acid as well as the induction of drug-metabolizing enzymes of liver microsomes by the administration of chloretone, phenobarbital or methylcholan threne.
In contrast, the joint administration of carbontetrachloride only partially prevented the stimulation of urinary excretion of ascorbic acid and the induction of drug-metabo lizing enzymes.
It was postulated that ethionine may interefere the mechanism of storage of ascorbic acid in liver and then increased the release from storage site and consequently increased the urinary excretion of ascorbic acid, while carbontetrachloride resulted a specific damage of the liver and decreased biosynthesis of ascorbic acid and consequently increased the urinary excretion of ascorbic acid.
